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FREE, PLANE, LAMINAR JET OF A NONCOMPRESSIBLE FLUID I N  THE 
PFESENCE OF A TRANSVERSAL MAGNETIC FIELD 

Re& Moreau 

ABSTRACT 

It i s  shown t h a t  a re la ted  so lu t ion  e x i s t s  f o r  an a r b i t r a r y  
magnetic f i e l d .  

The Reynolds magnetic number i s  assumed t o  be s u f f i c i e n t l y  small i n  
order f o r  t h e  ve loc i ty  f i e l d  not  t o  perturb t h e  applied magnetic f i e l d .  
We pos tu la te  t h e  v a l i d i t y  of an approximation of t h e  boundary layer .  

From t h e  following equations: 

dtL d u  d?u aR2 
u - - - + v - = v - - - - u ,  

dx dy dy3 p 

we seek a so lu t ion  of t h e  form 

~ - c  
By assuming F (c) =s f ( c )  z9 we obtain 

0 

I n  order f o r  F, t he  so lu t ion  i n  (k), t o  be a funct ion of only (, 

it i s  s u f f i c i e n t  f o r  t h e  coe f f i c i en t s  u’,,lIuo~l, V / U ~ ~ ~ ~ ,  ~i3281puo~f t o  be 

constants .  
(Ref. l), r e s t r i c t e d  t o  t h e  d i s t r i b u t i o n s  

- 

This condition leads  t o  the  so lu t ion  given by Jungclaus 



2 

aB'I 
-- =(P(z). 

1 
f o r  t h e  c o e f f i c i e n t s  t o  be constants, b u t  t h a t  t h i s  r e l a t ed  so lu t ion  
e x i s t s  f o r  every d i s t r i b u t i o n  of t h e  applied magnetic f i e l d .  
sible i n  a l l  g e n e r a l i t i e s ,  then, t o  w r i t e  t h e  coe f f i c i en t s  as t h e  sums 

W e  s h a l l  demonstrate t h a t  it i s  not necessary, i n  t h i s  problem , 
It i s  pos- 

equations are obtained: 

(7) 

Equation (7) allows pe r fec t ly  w e l l  a r e l a t e d  solution, which should / 2  - 
a l so  s a t i s f y  ( 8 ) ,  i n  which o , x and cp mus t  be proportional,  o r  

w = k ? ,  ~ = h g  (with k and h as constants).  ( 9 )  

In t eg ra t ing  (7) between 5 = 0 and < = co, by making use of t h e  con- 
d i t i o n s  a t  t h e  l i m i t s  F(0) = 0, F'(0) = 1, F'(W) = 0, we ob ta in  

(10) 

We have necessa r i ly  a = -1/2j and (7) becomes 

'Jungclaus ind ica t e s  t h i s  p o s s i b i l i t y  i n  Ref. 1. 
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W e  now in t eg ra t e  (8). Taking i n t o  account (11) and (12), t h e  neces- 
sary condi t ion k = 3 / 2  i s  obtainedj  and t h e  equation becomes 

It i s  now found t h a t  t h e  so lu t ions  of equations (11) and (13) are 
i d e n t i c a l  if h = -1/2, having regard t o  t h e  r e l a t i o n  obtained from (11): 

I 
F'2 = F'+ - FF". 3 

I n  making t h e  choice b = 1/4, since t h e  parameter remains free, t h e  
r e l a t ed  ve loc i ty  p r o f i l e  i s  then 

2 - -  - 1  - t h  Z. 
U 

0 

It i s  subject  t o  the  necessary and s u f f i c i e n t  conditions 

which, by el iminat ing q ,  become 

Equation (16) shows t h a t  t h e  var iab le  5 i s  i d e n t i c a l  t o  the  c l a s s i c  
Equation (17) gives u s  t h e  l a w  of ve loc i ty  along t h e  

/3 BlasiUs var iab le .  



axis of t he  j e t  u (x) for a l l  given d i s t r i b u t i o n s  of t h e  applied f i e l d  

B(x). 

0 

A subsequent paper w i l l  descr ibe  some of t h e  t y p i c a l  cases. 

Fluid Mechanics Laborakory, University of Grenoble 
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